We report on the detection of 167.8 ± 0.2 s pulsations from AX J0052.9−7157 in the Small Magellanic Cloud with ASCA. The pulsations show an energy-independent sinusoidal profile. The X-ray spectrum is described by an absorbed hard power-law (photon index ∼ 0.7) with a luminosity of ∼ 8. ′′ . We have found that a variable Be/X-ray binary RX J0052.9−7158 is located within the 30 ′′ error circle, and is also located at the edge of the 10 ′ error circle of the 169-s pulsar XTE J0054−720. We therefore conclude that these are the same source, a Be/X-ray binary pulsar.
Introduction
One of the recent highlights of X-ray astronomy is the discovery of more than dozen X-ray pulsars in the Small Magellanic Cloud (SMC) (Corbet et al. 1998; Lochner et al. 1998; Yokogawa, Koyama 1998; Israel et al. 1998; Imanishi et al. 1999; Macomb et al. 1999; Tsujimoto et al. 1999; Yokogawa et al. 1999; Israel et al. 2000; Kahabka 2000; Ueno et al. 2000; Yokogawa et al. 2000a, b, c, d; Corbet et al. 2001a, b; Sasaki et al. 2001) . The total number of X-ray pulsars in the SMC already exceeds 20, which can be compared to 8 and ∼ 80 in the Large Magellanic Cloud (LMC) and in our Galaxy. This would be surprising, if we take account of the galaxy masses, which are 10 (LMC) or 100 (Galaxy) times larger than that of the SMC.
Most of the new X-ray pulsars in the SMC show a long-term flux variability and/or an optical counterpart (mostly a Be star), and hence are probably Be/X-ray binary pulsars (hereafter Be-XBPs). Therefore, variable Xray sources with a Be star counterpart are good targets to search for coherent pulsations. The optical identification of X-ray sources has been carried out based on a high-resolution survey of the SMC with ROSAT/HRI (Hughes, Smith 1994; Cowley et al. 1997; Schmidtke et al. 1999) ; six X-ray sources were found to have a Be star counterpart. So far, coherent pulsations have been discovered from three of them Israel et al. 2000; Torii et al. 2000; Yokogawa et al. 2000c ). Among the remaining three, RX J0052.9−7158 is a very promising target for a pulsation search, because this source showed a large outburst (Cowley et al. 1997) , which is typical of Be-XBPs. This paper reports on the detection of 168-s pulsations from RX J0052.9−7158/AX J0052.9−7157, with the ASCA extended survey program.
Observations and Data Reduction
Extended surveys of the SMC were made in the final phase of the ASCA mission in 2000 April. AX J0052.9−7157 was in the field of view of Gas Imaging Spectrometers (GIS; Ohashi et al. 1996) on 2000 April 27.694-28.792 (UT). The GIS was operated in the normal PH mode with a time resolution of 0.0625 s (high bit rate) or 0.5 s (medium bit rate). We screened the GIS data by rejecting any data obtained in the South Atlantic Anomaly or low cut-off rigidity regions (< 4 GV). Data obtained when the target's elevation angle was lower than 5
• were also rejected. Particle events were removed by a rise-time discrimination method. After screening, the total available exposure time was ∼ 44.1 ks. In the following analyses, we combined the GIS-2 and GIS-3 data to increase the statistics.
We also refer to three SMC observations made on 1980 April 15-17 with Einstein/IPC, on 1992 April 17-27 with ROSAT/PSPC, and on 1994 October 5-12 with ROSAT/HRI. We retrieved the screened data of these observations from the HEASARC Online Service, provided by NASA/GSFC. 
Results

Source Detection
In the ASCA observation, a moderately bright source was found at a position ∼ 8 ′ from the optical axis. Using the method of Gotthelf et al. (2000), we determined the source position to be (R.A., Dec.) J2000 = (00 h 52 m 58 s .4, −71
• 57 ′ 54 ′′ ) with an error radius of ∼ 30 ′′ at the 90% confidence; we thus designated this source as AX J0052.9−7157. We found that ROSAT sources RX J0052.9−7158 (Cowley et al. 1997) , No. 94 in Haberl et al. (2000) , and No. 46 in Sasaki et al. (2000) , and an Einstein source No. 32 in Wang and Wu (1992) are located within the error circle (summarized in the first row of table 1).
Timing Analyses
We extracted ∼ 1000 photons from a 2 ′ .5 radius circle centered on AX J0052.9−7157, and performed an FFT (Fast Fourier Transform) after a barycentric correction of the photon arrival times. In the power spectrum density shown in figure 1, we find evidence for coherent pulsations of 0.0060 Hz: the maximum power of 41.2 is obtained in the 1.0-8.1 keV band data. Since the chance probability to detect this power is only ∼ 1.5 × 10 −4 , the pulsations would be highly significant. We then performed an epoch folding search, and determined the barycentric period to be 167.8 ± 0.2 s. The pulse shape is nearly sinusoidal and almost energy independent, as demonstrated in the two energy-band profiles of 0.7-2.0 keV and 2.0-7.0 keV (figure 2) . The pulsed fraction, defined as (pulsed flux)/(total flux) without background, is ∼ 44% in 2.0-7.0 keV. AX J0052.9−7157 was also detected in the three Einstein and ROSAT observations mentioned in section 2. We thus collected photons around the source, separately from each observation, and searched for coherent pulsations by the epoch folding technique. No significant pulsations, however, were detected, probably due to the limited photon statistics.
Spectral Analyses
Using photons in the same circle as the timing analyses, we made the ASCA/GIS spectrum by subtracting the background collected from a nearby source-free sky. Since we found no peculiar structure, such as emission lines in the spectrum, we fitted the spectrum with a simple powerlaw model. An acceptable fit (χ 2 = 28.50 for 25 degrees of freedom) was obtained with a photon index of Γ = 0.7 (0.5-1.0) and a column density of N H = 0.7(< 4.7) × 10 21 cm −2
(the values in parentheses indicate the 90% confidence limits). Figure 3 shows the GIS spectrum and the best-fit model. The observed flux and unabsorbed luminosity in the 0.7-10.0 keV band were determined to be ∼ 2.0×10 −12 erg s −1 cm −2 and ∼ 8.8 × 10 35 erg s −1 , respectively (here the distance of 60 kpc is assumed; van den Bergh 2000).
We then made phase-resolved spectra in the phases 0-0.5 and 0.5-1, and separately fitted them with the same model. No significant difference in the spectral parameters was found, consistent with the energy-independent pulse profiles (figure 2).
Discussion
We have shown that AX J0052.9−7157 exhibits coherent pulsations with a period of 167.8 ± 0.2 s, and has a hard spectrum with Γ ∼ 0.7. The ROSAT counterpart, RX J0052.9−7158, has a Be star companion and was found to be highly variable: its flux varied by a factor > ∼ 40 within several months (Cowley et al. 1997 ). All of the results indicate that AX J0052.9−7157/RX J0052.9−7158 is a Be-XBP. Among the six Be/X-ray binary candidates proposed by Hughes and Smith (1994) , Cowley et al. (1997) , and Schmidtke et al. (1999) , four sources have been established to be pulsars by this and previous studies. Therefore, it is probable that the remaining Be/Xray candidates, RX J0058.2−7231 and RX J0106.2−7205, are also Be-XBPs, although the currently limited photon numbers from these sources prevent us from detecting any pulsations. Lochner et al. (1998) reported the discovery of a pulsating X-ray source, XTE J0054−720, with a period of 169.30 s on 1997 December 17 and 168.40 s on 1998 January 12. Since the error radius is too large (10 ′ ), identification with other sources has not been carried out. In fact, we investigated the catalogs of Einstein, ROSAT, and ASCA (Wang, Wu 1992; Haberl et al. 2000; Sasaki et al. 2000; Yokogawa et al. 2000e) , and found that five sources listed in table 1 (sources No. 1-5) are located in the 10 ′ error circle. We also investigated the BeppoSAX archival data, and found that no source was detected in the error circle. AX J0052.9−7157 (No. 1) is located at the edge of the error circle. No pulsations have been found from the other four sources. These facts, together with the nearly equal pulse period of AX J0052.9−7157 (167.8 s, on 2000 April 27-28), lead us to conclude that XTE J0054−720 and AX J0052.9−7157 are the same pulsar. The period derivative wasṖ ∼ −4 × 10 −7 s s −1 during the initial RXTE observations (Lochner et al. 1998) , and decreased by a factor ∼ 50 toṖ ∼ −8×10 −9 s s −1 between the RXTE and ASCA observations. The flux also decreased by a factor ∼ 30 from (3-6) × 10 −11 erg s −1 cm −2 to ∼ 2 × 10 −12 erg s −1 cm −2 during the RXTE and ASCA observations. The apparent correlation of the decrease ofṖ and flux may be interpreted as a decrease of the accretion rate, although the orbital Doppler effect forṖ is unknown.
About 30% of X-ray binary pulsars (XBPs) in the SMC have been discovered with RXTE. For most of these XBPs, the confirmation of pulsations and the determination of more accurate positions (within < ∼ 30 ′′ ) have now been successfully completed with the imaging satellites, BeppoSAX and ASCA. The fine positions for these XBPs will help future studies and monitoring in the X-ray and optical regions.
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